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photon  energies  ranging  from  0.06  to  5.0  MeV  using  the  computer  code  CYLTRAU. 
Results  show  that  the  response  is  highly  energy  dependent,  varying  by  almost 
three  decades  over  this  energy  range.  The  response  also  depends  significantly 
on  the  amount  of  scattering  material  adjacent  to  the  detector.  Some  additional 
calculations  show  that  the  response  can  be  made  more  uniform  by  using  a  lead/ 
tin  filter  and  by  employing  more  than  one  energy-discrimination  level,  but  good 
uniformity  of  response  is  difficult  to  achieve.  At  2  MeV  a  response  of  2.1  * 

10 7  counts/ (mn‘ \  gray)  was  found  which  is  essentially  the  same  as  for  silicon  of 
equivalent  thickness. 

Measurements  with  a  commercial  CdTe  detector  confirmed  the  results  of 
the  calculations,  although  comparison  of  measured  and  calculated  results  indi¬ 
cated  that  the  detector  was  not  as  thick  as  its  specified  0.25  mm. 
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La  reponse  d'un  detecteur  CdTe  de  0.25  mm  a  ete  calculee  pour  les 
energies  de  photon  allant  de  .06  a  5.0  MeV  en  utilisant  le  code  en  informatique 
CYLTRAN .  Les  resultats  demontrent  que  la  reponse  varie  fortement  en  fonction 
de  l'energie;  jusqu'a  trois  decades  au-dessus  de  cette  plage  d'energie.  La 
reponse  depend  aussi  de  la  masse  de  materiaux  diffusants  situes  pres  de 
detecteur.  Des  calculs  addionnels  montrent  que  la  reponse  peut  etre  plus 
uniforme  en  se  servant  d'un  filtre  de  plomb  et  d'etain  et  en  utilisant  plus 
d'un  niveau  de  discrimination  d'energie;  neammoins  une  bonne  uniformite  de 
reponse  est  difficile  a  atteindre.  A  2  MeV,  la  reponse  obtenue  etait  de 
2.1  <  107comptes/  (mm‘  gray);  ceci  correspond  a  la  reponse  obtenue  avec  un 
detecteur  au  silicium  d'une  epaisseur  equivalente. 

Les  mesures  avec  un  detecteur  CdTe  commercial  confirment  les 
resultats  des  calculs.  Cependant,  la  comparaison  entre  les  resultats  calculcs 
et  les  resultats  mesures  indique  que  1 'epaisseur  du  detecteur  est  moindre  que 
celle  indiquee  ci-haut. 
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1.  INTRODUCTION 


Cadmium  telluride  is  one  of  a  limited  number  of  semiconductor 
compounds  which  can  be  produced  in  mm3  volumes  in  relatively  pure  form.  Tills 
along  with  its  intrinsically  high-energy  band  gap  of  1.5  eV  (compared  with  1.1 
eV  for  silicon),  makes  it  suitable  as  a  nuclear-radiation  detector  which  can 
be  used  at  ambient  temperatures.  It  is,  therefore,  a  promising  detector  for 
use  in  dose-rate  instruments  including  military  radiacmeters. 

The  potential  and  limitations  of  CdTe  detectors  are  discussed  by 
Siffert(l)  and  by  Whited  and  Shieher(2).  Practical  applications  of  these 
detectors  include  use  in  medical  probes  (Meyer  et  al(3)  and  Garcia  et  a] (4)), 
in  radiation  monitors  at  nuclear  power  stations  (Jones(5))  and  in  a  personal 
radiation  chirper  (Wolf  et  al(6)). 

The  high  atomic  numbers  of  cadmium  (52)  and  tellurium  (48)  make  CdTe 
particularly  sensitive  to  low-energy  gammas.  Its  photoelectric  cross  section 
increases  sharply  with  reduction  in  photon  energy  as  shown  in  Fig.  1,  where 
comparison  is  made  with  the  photon  cross  sections  for  silicon.  As  a  result, 
the  response  of  CdTe  detectors  is  highly  energy  dependent.  The  energy 
response  of  a  0 ,25-mm- thick  CdTe  detector  is  examined  here  by  computational 
methods,  using  the  computer  code  CYLTRAN  (see  Ref.  (7)),  and  by  experimental 
measurements  at  a  limited  number  of  photon  energies.  The  results  of  this 
investigation  are  useful  in  evaluating  detectors  of  this  material  for  use  in 
instruments  for  dose-rate  measurements. 


2.  METHODS  OF  CALCULATIONS 

Calculations  of  the  response  of  the  CdTe  detector  follow  the  methods 
outlined  in  an  earlier  report  (McGowan  (8))  where  the  computer  code  CYLTRAN 
was  used  to  calculate  the  response  of  silicon  radiation  detectors.  In  this 
case  carbon  of  unit  density  is  used  as  the  electron-equilibrium  layer  surround¬ 
ing  the  CdTe  (see  Fig.  2)  as  required  for  the  calculations.  Substitution  of 
any  other  low-atomic-number  material,  such  as  a  plastic,  would  have  only  a 
small  effect  on  the  calculated  response. 

Calculations  were  done  at  photon  energies  of  0.06,  0.08,  0.1,  0.15, 
0.2,  0.3,  0.5,  0.7,  1.25,  2.0,  and  5.0  MeV  using  the  minimum  thicknesses  of 
the  electron-equilibrium  layer.  For  most  of  these  energies,  calculations  were 
also  made  using  thicker  layers  of  carbon  than  are  required  for  electron  equil¬ 
ibrium,  in  order  to  study  the  effect  of  photon  scattering  from  these  layers. 

All  calculations  were  made  with  the  photons  entering  the  detector  normal  to  the 
main  surfaces  which  are  the  ends  of  the  short  cylindrical  detector. 
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Figure  1.  Fhoton  attenuation  coefficients  ‘'or  cadr.iwn  telha'ide  ana  silicon. 
Vote  the  rruch  larger  vhoioelectric  coefficient  for  CdTe  and  the  large  energy 
dependence  of  this  coefficient. 


Figure  2.  Cross  section  of  one  half  of  the  problem  cylinder  for  the  computer 
code  CYLTRAN  used  to  calculate  the  detector  response.  For  these  calculations 
an  electron-equilibrium  layer  of  carbon  surrounded  the  CdTe  detectors. 
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1.  K.XI'KR  IMKNTA1.  METHODS 

Two  CdTe  detectors  of  area  2  mm  >-  2  mm  were  obtained  from  Radiation 
Monitoring  Devices,  Inc.  for  test  purposes.  The  specified  thicknesses  were 
0.25  and  2.0  mm.  The  thinner  detector  was  specified  as  a  high-resolution 
detector  and  was  found  to  have  a  full  width  at  half  maximum  of  8  keV  for  the 
59.5-koV  gammas  from  -ulAm.  The  thicker  detector,  which  was  specified  as  a 
counter,  was  found  to  give  no  clearly  defined  photopeak,  but  gave  pulse  heights 
ranging  from  zero  up  to  a  maximum  which,  presumably,  corresponds  to  the  photo- 
peak  energy.  Increasing  the  applied  voltage  increased  the  average  pulse  height 
without  changing  the  maximum  pulse  height  appreciably.  It  can  be  concluded 
that  the  pulse  height  is  degraded  by  loss  of  charge  carriers  in  this  detector. 
While  response  of  this  nature  may  be  adequate  for  manv  purposes,  it  is  question- 
noble  whether  this  response  would  be  consistent  from  detector  to  detector. 

Most  of  tiie  measurements  made  here  are  with  the  thinner  detector  where  the 
pulse  height  appears  to  be  directly  proportional  to  the  absorbed  energy.  This 
is,  of  course,  the  assumption  which  is  made  for  the  calculated  response. 

Pulse-height  spectra  from  the  detector  output  were  recorded  so  that 
tile  response  could  be  derived  for  any  chosen  cut-of f  energy.  ‘  Co,  ^  Cs  and 
•-‘‘'Am  sources  provided  essentially  monoenerget ic  gamma  sources  at  1.25,  0.662 
and  0.0595  MeV,  respectively.  A  1  *  1  Bn  source  was  also  used  with  a  principal 
gamma  peak  at  0.355  MeV.  This  isotope  also  emits  several  other  gammas.  The 
most  prominent  are  at  0.081,  0.276,  0.303  and  0.384  MeV.  The  gamma-ray  at  81 
keV  was  eliminated  by  filtration  with  lead  (7.5  kg/nr)  and  tin  (14  kg/m-) 
leaving  a  source  with  an  effective  energy  which  is  estimated  to  be  about  0.34 
MeV  for  purposes  of  measurements  with  the  CdTe  detector.  Also,  measurements 
were  made  using  x-rays  which  were  heavily  filtered  to  give  narrowed  spectra 
with  peak  intensities  at  energies  ranging  from  70  to  250  keV. 


4_.  RESUI.TS  OF  CALCULATIONS 
4.1  ITLSE-HEICHT  SrECTRA 

Calculated  pulse-height  spectra  from  a  0.25-mm  CdTe  detector, 
surrounded  by  carbon  of  density  1  g/cm- ,  are  shown  in  Figures  3  to  6  for  photon 
energies  ot  0.1,  '>.2,  0.  ),  and  0,7  MeV.  Spectra  are  shown  for  two  thicknesses  of 
the  external  layers  of  carbon  to  demonstrate  the  effect  of  photon  scattering 
from  the  additional  material. 

Fig,  3  shows  that  atO.l  MeV  almost  all  of  the  pulses  are  in  the  photo¬ 
peak.  A  second  peak  wtiich  is  observed  25  to  30  keV  below  the  photopeak  energy 
is  due  to  the  escape  of  the  K  x-rays  of  cadmium  and  tellurium  from  the  detector 
Between  these  two  peaks  there  is  an  appreciable  number  of  pulses  only  for  the 
detector  with  the  thicker  external  layer.  These  pulses  are  due  to  the  absorp¬ 
tion  in  the  detector  of  secondary  photons  from  the  external  layers.  Secondary 
Compton  photons  range  in  energy  from  72  keV  up  to  the  primary  energy  of  100  keV. 
The  Compton  edge  at  28  keV  for  the  0.1-MeV  photons  is  barely  discernible. 


PULSE  HEIGHT  (MeV) 


Figure  4.  Calculated  pulse -height  spectra  from  CdTe  detect  »•  irradiated  hi 
O.h-MeV  photons,  in  eomparnson  with  the  .  1-tteV  spectra,  rite  phetopeaks  ai 
down  but  there  in  a  larger  fraction  of  count  ft  iue  to  Compton  electron?,  eel 
the  Compton  edge  which  occurs  at  88  keV  for  KB-MeV  photons.  The  Larger 
>iur.bcr  of  counts  between  the  photopeak  and  the  Compton  edge  for  the  thickei 
external  lager  shown  the  effect  of  secondary  photons  from  this  lager,  A 
slightly  larger  photon  finance  has  been  used  for  the  calculations  with  the 
thicker  layer. 
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Fig.  4  shows  that  at  0.2  MeV,  the  photoeffect  is  still  dominant  but 
the  number  of  Compton  pulses  seen  below  the  Compton  edge  of  88  keV  is  signifi¬ 
cant.  Tlte  effect  of  scattering  from  the  thicker  carbon  layer  is  seen  by  the 
enhanced  response,  indicated  by  the  dashed  histogram,  between  110  and  155  keV. 

At  0.3  MeV  the  photoelectric  and  Compton  effects  each  accounts  for 
about  one  half  of  the  pulses  greater  than  60  keV.  The  two  histograms  in  Fig.  5 
differ  only  by  a  slight  enhancement,  from  the  thicker  carbon  layer,  of  the 
pulses  above  the  Compton  edge  of  162  keV. 
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Figure  5.  Calculated  spectra  from  CdTe  detector  for  O.S-Mev  photons.  The 
number  of  counts  belo::  the  Compton  edge  at  16 £  keV  is  approximately  equal  to 
the  number  in  the  photopeak  for  these  spectra. 

At  0,7  MeV  the  response  is  due  primarily  to  the  Compton  effect  though  the 
photopeak  is  still  clearly  seen  in  Fig.  6.  In  this  figure,  the  dashed  histo¬ 
gram  represents  a  detector  surrounded  by  much  thicker  layers  than  for  the 
three  preceding  cases  discussed.  A  large  increase  in  the  relative  number  of 
pulses  between  50  and  200  keV  is  seen  as  a  result  of  the  increase  in  thickness 
of  the  carbon  layer.  This  enhancement  appears  to  be  greater  than  can  be 
attributed  to  secondary  gammas  from  the  external  layer  and  an  explanation  for 
the  magnitude  of  this  effect  is  given  in  Sec.  4.3. 
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The  electron  equilibrium  layers  used  for  1.25  and  5.0  MeV  were  5  and 
27  mm,  respectively.  These  are  approximately  the  maximum  electron  ranges  for 
the  highest-energy  Compton  electrons  from  photons  of  these  energies.  At  these 
energies,  the  photoelectric  cross  section  for  CdTe  is  much  smaller  than  the 
Compton  cross  section  so  that  most  of  the  pulses  are  due  to  the  latter  effect. 
Thus,  the  1-MeV  pulse-height  spectrum  in  Fig.  7  is  essentially  the  same  as 
for  silicon  (Ref.  (8))  of  equivalent  thickness  in  terms  of  electron  stopping 
power.  The  0.25-mm  thickness  of  CdTe  is  equivalent  to  about  0.54  mm  of  sili¬ 
con.  Most  of  the  primary  electrons  are  not  completely  absorbed  in  the 
detector  and  pulses  heights  are  displaced  toward  lower  energies  in  comparison 
to  the  spectrum  of  Compton  electrons.  However,  there  are  considerable 
fractions  of  large  pulses  produced  by  these  high-energy  photons  and  it  will  be 
shown  later  that  these  can  be  employed  for  energy-response  compensation. 

At  5  MeV  an  appreciable  fraction  of  the  pulses  in  the  detector  is 
due  to  pair  production  as  a  result  of  the  cross  section  as  shown  in  Fig.  1. 

The  peak  in  Fig.  7  below  200  keV  corresponds  to  the  energy  lost  by  Compton 
and  pair-production  electrons  which  pass  through  the  detector. 
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Figure  7.  Cal  *  i  iiC  ."f  t7  aim  /rcm  CdTe  detector *  /or  1.25-  and 

using  electron-equilibrium  layers  of  5  and  2?  rn,  respectively, 
range  of  most  of  the  primary  electrons  is  much  larger  than  the 
ness,  the  pulse-height  spectra  fall  well  below  the  primary-dec 
distributions .  The  peak  in  the  5-MeV  spectrum  below  200  keV  is 
fast  electrons  which  traverse  the  detector. 
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4.2  CALCULATED  RESi ONSE 

The  basic  detector  response  is  given  in  this  report  in  terms  of  the 
number  of  pulses  (above  a  selected  discriminator  level  or  cut-off  energy  Ec) 
per  unit  area  and  per  unit  kerma  of  soft  tissue.  Calculated  responses  for  the 
0.25-mm  CdTe  detector  are  tabulated  in  Table  I  for  the  eleven  photon  energies 
investigated  and  for  values  of  the  cut-off  energy  ranging  from  60  to  400  keV. 
The  radius  of  the  detector  and  the  thickness  of  the  carbon  layer  surrounding 
the  detector  are  also  listed.  The  source,  which  is  coaxial  with  the  detector 
and  which  emits  gammas  parallel  to  the  axis,  was  assigned  a  radius  just  less 
than  that  of  the  outer  radius  of  the  carbon  as  shown  in  Fig.  2. 

As  can  be  seen  from  Table  I  and  Fig.  8,  the  response  of  this  detector 
is  highly  energy  dependent  over  the  energy  range  of  concern,  varying  by  a 
factor  of  about  500  between  0.08  and  2.0  MeV.  This  behavioi  is,  of  course, 
expected  because  of  the  energy  dependence  of  the  photon  absorption  cross 
section  of  CdTe  as  mentioned  earlier.  Since  the  large  photoelectric  reponse 
persists  above  energies  at  which  the  Compton  pulses  exceed  the  cut-off  energy 
of  60  keV  in  Fig.  8,  the  sharp  minimum  observed  for  the  silicon  detectors  of 
Ref.  (8)  is  not  found  for  the  CdTe  detector. 
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TABLE  I 


Calculated  Response  of  0.25-™  Cadalua  Tellurlde  Detector  as  a  Function 
of  Photon  Energy  Ey  and  Cut-Off  Energy  Ec ,  The  Radius  of  the  Detector 
and  the  Thickness  of  the  Surrounding  Layer  of  Carbon  are  also  Listed. 
The  Calculated  Nuaber  of  Counts  above  0.06  MeV  is  Included  sa  an 
Indication  of  Statistical  Accuracy. 


Ey 

Radius 

C- Layer 

RESPONSE  (107  count  s/mn* 

gray  (tissue)  ) 

COUNTS 

(MeV) 

(■■) 

(■■) 

0.06 

0.08 

0.10 

0.15 

0.20 

0.  30  ; 

0,40 

0.06 

(MeV) 

0.06 

i 

2.0 

1880* 

1822* 

0.08 

i 

0. 1 

1010 

1356 

0.08 

i 

2.0 

998 

1455 

0.08 

100 

5.0 

1009 

1524 

0. 10 

1 

0.15 

482 

452 

1474 

0. 10 

1 

2.0 

497 

460 

1568 

0. 10 

100 

0.  15 

484 

455 

1557 

0. 10 

100 

5.0 

524 

475 

1956 

0.15 

1 

0.  3 

99.8 

98.0 

97. 1 

1558 

0. 15 

1 

2.0 

102.7 

100.9 

98.8 

1521 

0.15 

100 

5.0 

117.5 

114.8 

109.8 

1441 

0.20 

1 

0.5 

35.2 

31.2 

28.9 

27.8 

25.7** 

1760 

0.20 

1 

2.0 

35.9 

32.5 

29.8 

27.8 

26.0** 

1527 

0.20 

100 

0.5 

33.4 

35.0 

32.9 

31.1 

29.2** 

1445 

0.20 

100 

5.0 

42.5 

39.0 

36. 3 

30.5 

26.7** 

1868 

0.30 

1 

0.35 

10.74 

9.25 

8.31 

6.16 

4.74 

455 

0.30 

1 

2.0 

11.19 

9.93 

9.06 

6.28 

4.90 

761 

0.30 

100 

1.2 

12.02 

10.88 

9.82 

7.22 

5.62 

1429 

0.30 

100 

5.0 

13.83 

12.56 

11.49 

8.55 

6.24 

1560 

0.50 

1 

1.2 

4.56 

4. 17 

3.84 

2.99 

2.46 

1.11 

0.52 

603 

0.50 

100 

1.2 

4.73 

4.30 

4.04 

3.19 

2.44 

1.16 

0.55 

1089 

0.50 

100 

5.0 

5.20 

4.75 

4.  33 

3.53 

2.78 

1.  38 

0.66 

1009 

0.70 

1 

2.0 

2.98 

2.81 

2.60 

2.21 

1.  75 

1.12 

0.67 

429 

0.70 

100 

2.0 

3.15 

2.96 

2.76 

2.29 

1.86 

1.15 

0.64 

1860 

0.70 

100 

5.0 

3.43 

3.24 

3.04 

2.45 

2.03 

1.30 

0.68 

1147 

0.70 

100 

25.0 

5.38 

4.85 

4.38 

3.06 

2.20 

1.15 

0.62 

1244 

1.25 

1 

5.0 

2.38 

2.18 

1.99 

1.75 

1.45 

1.03 

0.69 

371 

1.25 

100 

5.0 

2  32 

2.20 

2.08 

1.78 

1.54 

1.14 

0.82 

1899 

2.00 

100 

10.0 

2.13 

2.03 

1.94 

1.72 

1.46 

1.06 

0.77 

907 

5.00 

100 

27.0 

2.46 

2.41 

2.34 

2.06 

1.50 

0.99 

0.70 

802 

*  Ec 

-  0.055 

MeV 

**  Ec 

-  0.19 

MeV 

<  A*"1 


■Vs- 


DETECTOR  RESPONSE  (107  counts/fmm?  Gy)) 
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Figure  8.  Response  calculated  for  a  0.25-rw,  CdTe  detector,  adjusted  for  a 
0.  2-rm  external  layer  of  carbon  of  density  1  g/crr?  . 
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Initially  it  was  intended  to  do  calculations  for  a  1-mm-radius 
detector  which  would  correspond  approximately  to  the  2  mm  x  2  mm  detector  used 
experimentally.  However,  it  became  obvious  that  at  the  higher  energies,  where 
the  radius  of  the  outer  carbon  layer  was  much  greater  than  1  mm,  the  computer 
time  required  to  get  good  statistical  accuracy  becomes  prohibitive.  Conse¬ 
quently,  for  the  higher  energies  a  detector  of  much  larger  radius  (ICO  mm)  was 
used,  while  calculations  were  made  at  the  lower  energies  using  both  1-  and  100- 
mm  radii.  Increasing  the  detector  radius  from  1  to  100  mm  is  seen  in  Table  1 
to  increase  the  response  by  a  few  per  cent  at  0.08  and  0.1  MeV,  by  about  9%  at 
0.15,  0.2  and  0.3  MeV  and  bv  about  5Z  at  0.5  and  0.7  MeV.  This  increase  can  be 
attributed  to  photon  scattering  within  the  problem  cylinder  which  includes  the 
detector  and  the  external  layer  Of  carbon.  Enhancement  of  the  response  by 
photon  scattering  is  discussed  below  in  Sec.  4.3. 

The  effect  of  reducing  the  detector  thickness  was  investigated  by 
making  a  limited  number  of  calculations  with  the  100-mm  radius  and  minimum 
electron-equilibrium  layers  of  carbon.  For  a  0.2-mn  detector  at  0.7  MeV, 
responses  of  2.73,  1.56  and  0.46  (x  10 7 counts /(mm2  gray  (tissue)))  were  found 
for  Ec  =  60,  200  and  400  keV,  repsectively .  In  the  same  units,  for  a  0.15-mm 
detector,  at  0.7  MeV  values  of  2.24,  1.07  and  0.25  were  found  for  Ec  =  60,  200 
and  400  keV,  while  at  1.25  MeV  responses  of  1.73,  0.90  and  0.33  were  measured 
at  these  discriminator  levels.  At  these  energies,  the  response  is  increasing 
approximately  in  direct  proportion  to  thickness  at  Ec  -  200  keV ;  it  is  less 
dependent  on  thickness  at  Ec  =  60  keV  and  more  dependent  at  400  keV.  At  low 
energies,  where  only  Ec  =  60  keV  applies  and  where  most  of  the  pulses  originate 
in  the  detector,  a  directly  proportionate  relation  between  response  and  thick¬ 
ness  is  expected  at  this  range  of  thickness. 

The  response  of  this  detector  is  seen  to  be  at  a  minimum  at  about 
2  MeV,  having  a  value  of  about  2.1  *  107  counts/ (mm2  gray)  for  E  =60  keV . 
Comparison  with  the  calculated  response  of  the  0.50-mm  silicon  detector  of 
Ref.  (8)  shows  that  for  equivalent  thicknesses  (0.25  mm  of  CdTe  and  0.54  mm  of 
Si)  the  sensitivity  of  these  two  materials  is  essentially  the  same.  This  is 
not  at  all  suprising  since  the  Compton  effect  dominates  the  cross  sections  of 
both  these  materials  at  this  energy. 


4.3  EFFECT  OF  PHOTON  SCATTERING  FROM  EXTERNAL  LAYERS  OF  CARBON 

As  can  be  seen  in  Table  I,  the  response  of  this  detector  depends, 
to  some  extent,  on  the  thickness  of  the  external  layer  of  carbon  which  sur¬ 
rounds  it.  Most  of  the  photon  interactions  in  the  carbon  are  by  the  Compton 
process  whereby  the  attenuation  of  the  primary  photons  leads  to  the  production 
of  secondary  photons  of  lower  energy.  Even  when  the  response  of  Fig.  8  is 
translated  to  counts  per  photon,  as  in  Fig.  9,  there  is  an  increase  in  response 
with  decreasing  energy  below  0.7  MeV.  Because  of  this,  Compton  scattering 
from  the  added  carbon  layer  frequently  leads  to  an  enhancement  of  the  response 
of  the  detector.  Table  I  indicates  an  enhancement  of  about  two  per  cent  per  mm 
(of  carbon  of  density  lg/cm3)  for  photon  energies  from  0.1  to  0.7  MeV. 
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Figure  9.  Calculated  counts  per  photon  for  a  0.25-mn  CdTe  detector.  The 
lover  curve  was  obtained  by  applying  the  attenuation  coeffi ciencts  of  lead  and 
tin  to  the  upper  curve  vhick  vas  derived  from  the  computer  program..  It  can  be 
appreciated  from  these  relations ,  particularly  vith  no  filter ,  that  an  increase 
in  counts  will  often  result  from  degradation  of  photon  energy  by  scattering . 


Knowing  the  response  as  a  function  of  energy,  an  estimate  of  the 
effect  of  external  materials  can  be  made  from  the  scattered  photon  spectrum. 
The  secondary  photon  spectrum  is  known  from  the  Compton  cross  section,  and 
scattered  spectra  are  available  from  the  CYLTRAN  program  which  provides  the 
spectrum  of  photons  scattered  out  of  the  problem  cylinder.  The  CYLTRAN-gen- 
erated  spectra  agree  closely  with  the  Compton  cross  section  (for  generation 
of  scattered  photons)  for  cylinders  having  dimensions  less  than  a  few  milli¬ 
meters,  but  for  cylinders  with  minimum  dimensions  exceeding  a  few  centimeters 
a  significant  fraction  of  scattered  photons  are  found  below  the  energies  of 
the  secondary  Compton  photons.  These  must  be  tertiary  photons  produced  by 
scattering  of  the  secondaries  in  the  carbon.  Buildup  of  scattered  gammas  in 
thick  layers,  along  with  the  relatively  high  response  to  the  lower  energies, 
can  account  for  the  relatively  large  number  of  pulses  between  60  and  200  keV 
in  the  pulse-height  spectrum  from  0.7-MeV  gammas  (Fig.  6),  when  a  25-mm  layer 
of  carbon  surrounded  the  detector. 
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The*  enh;  cement  of  response  was  calculated  from  Compton  spectra  and 
from  computed,  scattered-photon  spectra,  assuming  that  the  total  scattering 
per  mm  of  carbon  represe  ited  the  scattering  at  the  detector  per  mm  or  carbon 
surrounding  the  detector.  As  seen  in  Fig.  10  (a)  the  response  enhancement, 
predicted  from  the  Compton  spectra  with  Ec  =  0.06  MeV  is  less  than  the  27  per 
mm  indicated  in  Table  I,  being  a  maximum  of  1.4%  at  0.2  MeV.  At  2  and  5  Mev , 
the  addition  of  carbon  outside  the  detector  reduced  the  response  as  a  result 
of  the  reduction  in  counts  per  photon,  seen  in  Fig.  9,  as  the  energy  is 
reduced  from  these  primary  energies  by  Compton  scattering. 


Figure  10.  Calculated  enhancement  of  detector  response  ( for  Ea  -  60  kaV)  by 
the  addition  of  external  layers  of  carbon  around  the  detector.  Results  were 
derived  by  applying  the  counts/photon  relations  of  Fig.  0  to  photon  spectra 
generated  according  to  the  Compton  cross  section  or  according  to  the  photon 
spectra  scattered  out  of  the  problem  cylinder  from  the  CYLTRAN  calculations. 
At  0.3-MeV ,  for  example,  the  enhancement  per  unit  thickness  is  seen  to  remain 
about  the  same  over  a  fairly  large  range  of  thickness .  Enhancement  is  seen 
to  be  reduced  considerably  by  using  the  filter  inside  most  of  the  external 
material . 
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Examples  of  the  calculated  response  enhancement,  in  Fig  10(a),  for 
0.15,  0.3  and  0."  MoV,  using  the  scattered-photon  spectra  from  the  CYLTRAN 
calculations,  show  that  approximately  the  same  enhancement  per  mm  of  carbon 
is  predicted  for  layers  up  to  10  mm  in  thickness  as  is  predicted  from  the 
Compton  spectra.  The  predicted  enhancement  is  approximately  doubled  at  0.7 
MeV  when  a  50-mm  layer  of  carbon  surrounds  the  detector. 

Thus  it  can  be  seen  from  Table  I  and  Fig.  10(a),  that  buildup  of 
scattered  photons  from  external  materials  can  lead  to  considerable  enhancement 
of  the  CdTe-detec tor  response,  and  that,  when  used  in  this  manner,  the  detector 
response  depends  appreciably  on  the  amount  of  scattering  material  in  the 
vicinity  of  the  source  and  the  detector. 


4. A  IMPROVEMENT  IN  ENERGY  RESPONSE  BY  FILTRATION 

The  very  high  response  of  the  cadmium  telluride  detector  at  low 
photon  energies  can  be  reduced  by  filtration  using  high-atomic -number  materials. 
Lead  and  tin  which  are  commonly  used  to  improve  the  energy  response  of  Geiger 
tubes,  are  also  convenient  to  use  for  CdTe.  Because  of  the  lead  window 
below  88  keV.  A  filter,  consisting  of  10  kg  of  tin  and  2  kg/mr  of  lead, 
has  been  added,  outside  the  equilibrium  layer  of  carbon,  to  reduce  the  calcu¬ 
lated  response  of  Fig.  8  to  that  of  Fig.  11.  Excessive  filtration  leads  to  too 
great  a  reduction  in  reponse  at  low  energies  and,  also,  makes  the  low-energv 
response  critically  dependent  on  filter  thickness.  Thus,  improvement  bv 
further  filtration  of  this  sort  is  limited.  The  variation  in  response  with 
photon  energy  in  Fig.  11  remains  unsatisfactory  and  it  is  clear  that  simple 
filtration  alone  will  not  lead  to  an  acceptably  flat  energy  response. 

The  filtration  provided  bv  the  lead/tin  filter  used  for  Fig.  11 
has  reduced  the  low-energv  response  considerably,  thereby  reducing  the  relative 
response  to  secondary  and  tertiary  gammas  to  the  point  where  the  response  en¬ 
hancement  by  scattering  materials  outside  this  filter  is  much  less  important 
than  for  the  unfiltered  detector.  Fig.  10(b)  shows  the  enhancement  in  response 
which  results  from  adding  carbon  outside  the  filter  used  in  Fig.  11.  This 
enhancement  is  seen  to  be  well  below  that  of  Fig.  10(a),  particularly  when  the 
50-mm  layer  was  used  at  0.7  MeV. 


4.5  IMPROVEMENT  IN  ENERGY  RESPONSE  BY  UTILIZING  THE  PULSE  AMPL1TUDI 

As  can  be  seen  from  figures  3  to  6,  there  is  a  general  increase  in 
the  average  pulse  amplitude  over  the  energy  range  where  the  response  is  de¬ 
creasing  with  increasing  photon  energy.  Thus,  incorporating  the  pulse  ampli¬ 
tude  into  the  response  can  be  used  to  yield  a  modified  response  with  a  reduced 
variation  with  photon  energy. 
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Figure  11.  Calculated  and  r.easured  response  of  CdTe  detector  vith  lead/tir 
filter.  The  attenuatior  coefficients  of  lead  and  tin  were  used  to  derive  the 
calculated  cia’ver  from  those  of  Fig.  G.  The  measia'erer.ts  vere  made  vith  a 
filter  which  vac  slightly  thicker  than  used  for  the  calculations,  Corrgaricor 
of  the  too  measured  points  for  Ec  =  400  keV  vith  the  calculated,  response  in¬ 
dicates  that  the  ccrir.ercial  detector  is  beti'een  C.  If  and  0.20  mr  in  thickness 
in  agreement  vith  the  indicated  thickness  at  Fc  settings  of  CO  and  2CC  keV. 


Simply  integrating  the  pulse  amplitudes  would  give  the  dose 
absorbed  in  the  detector.  This  would  differ  from  the  dose  to  tissue  since  the 
detctor  material  is  not  tissue  equivalent,  but  would  be  more  closely  related 
to  tissue  dose  than  is  the  response  measured  by  simply  counting  the  pulses. 

As  with  the  counting  mode,  pulse-height  integration  requires  the  use  of  a 
discriminator  to  reject  detector  noise  pulses,  so  that  only  the  portion  of  the 
pulse  which  exceeds  the  discriminator  level  can  be  included.  A  pulse-integra¬ 
tion  mode  of  this  type  is  used  in  the  radiation  chirper  of  Ref.  (6). 
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TABLE  II 

Average  Absorbed  Energy  in  Excess  of  60  keV  from 
Calculations  with  0.25-mm  CdTe  Detector 


Ey 

Radius 

C-Layer 

E  -  .06 

(MeV) 

(mm) 

(mm) 

(MeV) 

0.08 

1 

2.0 

0.0196 

0.10 

1 

2.0 

0.038 

0.15 

1 

2.0 

0.085 

0.20 

1 

2.0 

0.114 

0.30 

1 

2.0 

0.136 

0.50 

100 

1.2 

0.168 

0.70 

100 

2.0 

0.206 

1.25 

100 

5.0 

0.290 

2.00 

100 

10.0 

0.315 

5.00 

100 

27.0 

0.294 

The  average  absorbed  energy  per  pulse  in  excess  of  a  selected  cut-off 
energy  E  -  Ec  can  be  derived  from  computed  spectra  such  as  those  in  figures 

3  to  7.  E  -  Ec  is  listed  in  Table  II  as  a  function  of  photon  energy  Ey  for 
cut-off  energy  Ec  =  60  keV .  The  product  of  E  -  Ec  and  the  responses  of  Fig.  8 
and  11  give  the  modified  responses  shown  in  Fig.  12.  Comparison  of  these 
figures  shows  that  there  is  considerable  improvement  as  a  result  of  weighting 
the  pulses  in  this  manner,  but  even  with  the  filter  the  modified  response  shows 
a  factor  of  six  difference  between  the  values  at  0.15  and  1.0  MeV. 

A  second  method,  which  makes  use  of  the  pulse  amplitude  for  energy 
compensation,  uses  the  pulse-counting  mode  with  more  than  one  discriminator 
level  and  employs  weighting  factors  which  attach  more  importance  to  the  pulses 
above  the  higher  discriminator  levels.  Such  a  system  using  three  discriminator 
levels,  equivalent  to  Ec  =  60,  200  and  400  keV,  is  shown  in  Fig.  13.  The 
pulses  which  exceed  400  keV,  N4 0 0 »  are  counted  directly;  those  between  200  and 
400  keV,  N20 0-400*  are  divided  by  16;  and  those  between  60  and  200  keV,  N60-200 
are  divided  by  64.  The  total  output  is  given  by 


’out 


N4  0  0  + 


(1) 
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64 


Since 


1*2  0  0-4  0  0  =  h'2  0  0  -  N4  0  0  and  ^6  0-2  0  0  =  1*6  0  _  1*2  0  0  > 


N  _  60  N4qo  +  3  N200  +  N6q  .  (2) 

out  64 

Combining  the  groups  of  counts  as  in  F.q.  (2)  is  equivalent  to  combining  the 
responses  above  the  three  values  of  Ec  in  Fig.  11.  This  gives  the  modified 
response  proportional  to  N  and  shown  in  Fig.  14.  While  there  is  an  improve¬ 
ment  over  all  by  using  this  modified  response,  the  responses  at  specific 
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energies  are  seen  to  differ  considerably  from  the  mean  response.  These  can,  of 
course,  be  reduced  by  using  more  discriminator  levels  at  the  expense  of  in¬ 
creasing  the  complexity  of  the  readout  circuitry.  However,  in  practice  where 
there  is  a  broad  spectrum  of  photon  energies,  these  large  variations  in  response 
will  probably  not  be  important. 


Figure  12.  Modified  response  obtained  by  weighting  the  pulses  in  proportion 
to  their  energy  in  excess  of  the  cut-off  energy  of  60  keV.  The  responses  of 
figures  8  and  11  were  multiplied  by  the  average  value  of  E-Ec  over  the  pulse- 
height  spectra.  The  improved  energy  response  is  still  not  satisfactory. 


Figure  1c.  Block  diagram  of  circuit  for  weighting  the  pulses  from  the  detector 
to  improve  the  energy  response,  h'so-200  ts  the  number  of  pulses  of  amplitudes 
between  60  and  200  keV,  A:2 00-400  the  number  between  200  and  400  keV  and  h\oo 
is  the  number  which  exceed  400  keV. 
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Figure  14.  Compensated  detector  response  obtained  by  dividing  the  number  of 
pulses  of  amplitudes  between  60  and  200  kcV  by  C4  and  that  between  200  and  4 
keV  by  16  before  adding  to  the  number  greater  than  400  kcV,  as  in  Fig.  IS. 
This  is  based  on  the  calculated  response  curves  of  Fig.  11.  The  over-all 
response  is  fairly  good  but  with  extremes  at  the  discriminator  energies. 


5.  RESULTS  OF  EXPERIMENTAL  MEASUREMENTS 

Changes  in  the  measured  pulse-height  spectra  with  gamma  filtration 
indicated  that  there  were  appreciable  fractions  of  counts  due  to  backscattering 
from  the  f  Co-  and  1  ""Cs-source  containers.  Consequently,  a  filter  (filter  I.) 
consisting  of  18  kg/m^  of  Pb  followed  by  14  kg/m2  of  Sn  was  used  at  the  aper¬ 
tures  of  these  sources  for  most  of  the  measurements.  According  to  the  attenua¬ 
tion  coefficients  of  these  materials,  this  filter  should  remove  about  85%  of 
the  backseat tered  gammas,  which  have  energies  at  about  200  keV  from  these 
sources,  while  reducing  the  number  of  primary  gammas  by  less  than  25%.  In 
addition,  the  tin  should  attenuate  any  Pb  x-rays,  produced  by  scattering  from 
the  source  containers  and  lead  filter,  to  a  few  per  cent. 

The  detector  is  potted  within  a  cylinder  of  plastic  9  mm  long  by 
6  mm  in  diameter  and  is  located  near  the  end  of  the  cylinder  which  faced  the 
sources.  The  two  electrical  leads  emerge  from  the  other  end  of  the  cylinder. 
Measurements  were  made  both  with  and  without  a  filter  at  the  detector.  This 
filter  (filter  K) ,  which  consists  of  2  kg/m2  Pb  and  11  kg/m2  Sn  (almost  the 
same  as  used  for  the  calculations),  surrounded  the  detector  except  for  the 
narrow  angle  used  by  the  electrical  leads.  The  detector  was  operated  with  a 
reverse  bias  of  20  V.  Increasing  this  to  25  V  was  found  to  result  in  a  3% 
increase  in  response  to  the  141  Am  source. 


Figure  15.  Measured  spectra  from  the  ccrrcvcial  detector  exposed  to  the  1 3 7  C’s 
gammas.  The  photopeak  at  C.C6  MeV  is  clearly  observed  but  r,ost  of  the  response 
can  be  seer,  to  be  due  to  the  Ccriptcri  effect.  The  reduction  by  the  filter  of 
the  number  of  pulses  belov  0.3  MeV  indicates  the  presence  of  scattered  genres 
of  energy  well  below  the  primary  energy.  The  number  of  lover-energy  camr:cs  is 
seer,  to  be  greatly  increased  by  placing  the  scattering  body  of  wood  near  the 
detector.  Comparison  of  the  measured  spectra  with  the  calculated  spectrum  fa 
a  0.20-mi  detector  indicates  that  the  commercial  xetectcr  is  thinner  than  that 
value. 


Experimental  spectra  from  the  137Cs  source  are  shown  in  Fig.  15. 

These  measurements  were  made  with  filter  L  at  the  source  with  the  object  of 
reducing  the  fractional  number  of  low-energy  gammas  produced  by  scattering  in 
the  source.  The  addition  of  filter  K  at  the  detector  is  seen  to  reduce  the 
number  of  pulses  between  50  and  200  keV,  indicating  the  presence  of  some  lower- 
energy  gammas  which  are  probably  produced  outside  the  source  container.  This 
reduction  is  very  large  when  a  scattering  mass,  such  as  the  10  kg  of  wood  of 
Fig.  15,  is  added  near  the  detector.  This  clearly  demonstrates  the  dependence 
of  detector  response  on  the  material  adjacent  to  the  detector,  particularly 
when  the  filter  is  not  used  at  the  detector  to  filter  out  the  low-energy 
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scattered  protons.  Even  with  filters  at  both  the  source  and  the  detector  and 
no  added  scatterer,  there  may  be  a  significant  number  of  counts  which  can  be 
attributed  to  scattered  gammas. 

Also  shown  in  Fig.  15  is  the  calculated  spectrum  for  a  0.20-mm  Cdle 
detector  from  a  0 . 7-MeV  photon  source.  The  larger  fraction  of  large  pulses  in 
the  calculated  spectrum,  compared  with  the  experimental  spectra,  indicate  that 
the  thickness  of  the  detector  used  for  the  measurements  is  less  than  0.20  mm. 
Note  that  0.25  mm  was  chosen  as  the  detector  thickness  for  most  of  the  calcu¬ 
lations  in  this  report,  since  that  thickness  was  quoted  by  the  manufacturer 
.'or  the  detector  used  for  the  measurements. 


TABLE  III 


Measured  Response  of  CdTe  Detector 


Photon 

Source 

Source 

Energy 

Cut-Off 

Detec  tor 

Response 

Source 

Filter 

Maximum 

Effective 

Energy 

(10 7  counts/ (mr2  Gy)) 

(keV) 

(keV) 

(keV) 

No  Filter 

Filter  K 

24  1  Am 

None 

59.5 

50 

700 

0.34 

X-Ray 

A 

82 

68 

60 

580 

4.5 

X-P.ay 

A 

90 

73 

60 

600 

13.8 

X-Ray 

B 

100 

85 

60 

490 

16.4 

X-Ray 

C 

120 

102 

60 

320 

29.0 

X-Ray 

D 

140 

116 

60 

210 

38.0 

X-Ray 

L 

160 

130 

60 

150 

35.4 

X-Ray 

G 

200 

163 

60 

88 

29.8 

X-Ray 

G 

220 

182 

60 

27.7 

X-Ray 

G 

250 

198 

60 

41.0 

22.5 

X-Ray 

H 

260 

222 

60 

20.6 

X-Ray 

J 

300 

252 

60 

22.0 

15.2 

133  Ba 

M 

350 

60 

8.4 

7.3 

*37  Cs 

L 

660 

60 

4.04 

3.67 

137  Cs 

L 

* 

60 

4.08* 

6DCc 

L 

1250 

60 

2.39 

2.33 

60Co 

None 

** 

60 

3.37** 

2.60** 

X-Ray 

G 

220 

182 

200 

0.99 

X-Ray 

G 

250 

198 

200 

4.8 

3.36 

X-Ray 

H 

260 

222 

200 

3.75 

X-Ray 

J 

300 

252 

200 

4.63 

I3  3  Ba 

M 

350 

200 

2.6 

2.3 

137Cs 

L 

660 

200 

1.59 

1.56 

13t7Cs 

L 

* 

200 

1 .60* 

60Co 

L 

1250 

200 

1.17 

1.17 

60Co 

None 

** 

200 

1.35** 

1.18** 

l^Cs 

L 

660 

400 

0.33 

0.32 

137Cs 

L 

* 

400 

0.32* 

6°Co 

L 

1250 

400 

0.45 

0.43 

*°Co 

None 

** 

400 

0.50** 

0.44** 

*  Scattered  Gammas  Produced  by  10  kg  of  Wood  beside  Detector 

**  Eackscattcred  Gammas  Produced  by  Source  Container 
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Table  III  summarizes  the  results  of  response  measurements  for  cut-off 
energies  of  60,  200  and  400  keV.  Filters  A  to  J,  used  with  the  x-rays,  refer 
to  the  filter  set  described  by  Jones  and  Benyon  (9)  who  had  measured  the  x-ray 
spectra  which  were  used  here.  Filter  M  (7.5  kg/m'1'  Pb  plus  14  kg/r.m  Sn)  was 
used  to  filter  out  the  low-energy  gammas  from  the  1  (Ba  source.  The  responses, 
measured  using  Filter  K,  are  included  in  Fig.  11  for  comparison  with  the  calcu¬ 
lated  values  for  a  0.25-mm  detector.  For  Ec  =  400  keV ,  where  there  is  very 
little  contribution  to  the  response  by  scattered  gammas,  the  measured  values  at 
0.66  and  1.25  MeV  are  well  below  the  calculated  values  for  the  0.25-mm  detector. 
Comparison  with  additional  calculations,  done  at  0.7  MeV  for  0.15  and  0.20-mm 
detectors,  indicate  that  the  effective  thickness  of  the  experimental  detector 
is  between  these  two  thicknesses.  The  same  conclusion  is  reached  by  comparing 
the  three  experimental  response  points  with  calculated  vales  at  Ec  =  200  keV 
where  scattered  gammas  make  only  a  small  contribution. 

In  light  of  the  above  conclusions,  the  seemingly  excellent  agreement 
between  measured  and  calculated  response  for  the  higher  photon  energies  at 
=  60  KeV  is  fortuitous,  being  the  result  of  enhancement  of  response  (by 
secondary  gammas)  of  a  detector  which  is  thinner  than  the  0.25  mm  used  for  the 
calculations.  At  the  lower  photon  energies,  enhancement  by  scattered  photons 
does  not  compensate  for  the  difference  in  response  due  to  the  experimental 
detector  being  thinner  than  0.25-mm.  Also,  there  may  be  significant  attenua¬ 
tion  by  the  copper  lead,  which  extends  in  front  of  the  detector,  and  by  any 
inactive  CdTe  at  the  front  of  the  detector. 

From  the  experimental  pulse-height  spectra,  a  modified  energy  response 
was  derived  according  to  the  formula  of  Eq.  (1)  Sec.  4.5,  This  is  plotted  in 
Fig.  16  using  the  effective  x-ray  energies  from  Ref.  (9).  The  widths  of  the 
x-ray  spectra  have  served  to  smooth  out  the  experimental  plot  in  comparison 
with  the  calculated  energy  response  shown  in  Fig.  14,  but  the  response  for  the 


PHOTON  ENERGY  (MeV) 

Figure  16.  Modified  response  obtained  from  measured  pulse-height  spectra  by 
weighting  the  pulses  according  to  the  energy  groups  defined  by  discriminators 
at  60,  200  and  400  keV.  The  interpolation  in  the  region  of  400  keV  is  made 
using  the  calculated  curve  in  Fig.  14. 
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1  s  Ba  source  at  350  keV  remains  low  as  predicted  by  the  calculations.  The 
dashed  curve  above  350  keV  has  been  interpolated  vising  the  shape  of  the  calcu¬ 
lated  curve.  As  discussed  above,  the  experimental  points  fall  below  the  curve 
calculated  for  the  0.25-mm  detector,  presumably  because  the  detector  used  was 
thinner  han  that  value. 


6.  SUMMARY  AND  CONCLUSIONS 

Calculations  have  been  made  of  the  response  of  a  0.25-mm  CdTe 
detector  to  photons  of  energy  ranging  from  0.06  to  5.0  KeV  using  the  computer 
code  CYLTRAN.  As  expected  from  the  photoelectric  cross  section  for  this  com¬ 
pound,  results  show  that  the  response  is  strongly  energy  dependent  over  this 
energy  range.  With  a  cut-off  energy  of  60  keV,  the  response  falls  from  about 
1.8  x  1010  counts/ (mm^  gray)  just  above  the  cut-off  energy  to  2.1  x  10 7  counts/ 
(mm^  gray)  at  2  KeV-.  The  over-all  response  above  0.08  MeV  can  be  improved 
considerably  by  using  gamma  filtration  with  tin  and  lead,  for  example,  along 
v?ith  some  mode  of  compensation  based  on  the  variation  of  average  pulse  height 
with  photon  energy.  However,  it  V’ould  be  difficult  to  achieve  a  response 
which  does  not  differ  at  some  discrete  energy  by  more  than  50%  from  the  mean. 

Because  of  photon  scattering,  which  produces  photons  of  lower  energy 
at  which  the  detector  response  is  higher,  the  response  was  found  to  be  enhanced 
considerably  by  the  presence  of  materials  adjacent  to  the  detector,  particularly 
at  energies  between  0.2  and  0.7  MeV.  This  effect  was  reduced  by  using  a  filter 
between  the  detector  and  the  scatterer. 

Measurements  made  with  a  commercial  detector  confirmed  the  general 
conclusions  reached  from  the  calculations.  This  detector  was  specified  as 
having  a  thickness  of  0.25  mm,  but  comparison  of  measured  and  calculated  results 
indicates  a  thickness  between  0.15  and  0.20  mm. 

While  this  detector  has  a  sensitivity  which  is  very  high  indeed  at  the 
lower  photon  energies  investigated,  the  response  at  these  energies  must  be  great¬ 
ly  reduced  to  achieve  a  response  which  is  uniform  over  the  energy  range  of  in¬ 
terest  in  personal  dosimetry.  Thus,  the  sensitivity  should  be  rated  at  the 
energies  where  it  is  a  minimum,  unless  it  can  be  shown  that  a  large  fraction  of 
the  dose  is  not  delivered  where  the  response  is  low  or  unless  the  detector  is 
being  used  for  relative  measurements  w-here  the  spectral  distribution  of  photons 
is  unchanged.  At  minimum  response,  this  detector  has  essentially  the  same  re¬ 
sponse  as  a  silicon  detector  of  equivalent  thickness.  On  this  basis  the  CdTe 
detector,  therefore,  offers  no  improvement  in  sensitivity  over  the  silicon 
detector . 


7.  ACKNOWLEDGEMENTS 

The  calculations  of  this  report  are  based  on  the  computer  code  CYLTRAN 


developed  at  Sandia  Laboratories.  The  author  is  grateful  to  the  originators 
of  this  code  and  to  the  Radiation  Shielding  Information  Center  at  Oak  Ridge 
National  Laboratory  for  making  this  code  available. 


22 


8 ■  REFERENCES 

1.  P.  Siffert,  "Current  Possibilities  and  Limitations  of  Cadmium  Telluride 
Detectors",  Nucl.  Instr.  and  Meth.  150 ,  1  (1978). 

2.  R.C.  Whited  and  M.M.  Schieber,  "Cadmium  Telluride  and  Mercuric  Iodide  Gamma 
Radiation  Detectors",  Nucl .  Instr.  and  Meth.  162  113  (1979). 

3.  E.  Meyer,  M.  Martini  and  J.  Sternberg,  "Measurement  of  the  Disappearance 
Rate  of  '~Se  Sodium  Selenite  in  the  Eye  of  the  Rat  by  a  CdTe  Medical  rrobe" , 
IEEE  Trans.  Nucl.  Sci.  NS-19,  237  (1972). 

4.  D.A.  Garcia,  J.K.  Frisbie,  D.E.  Tow  and  A. A.  Sasahara,  "Thrombus  Detection 
Using  I-125-Fibrinogen  and  a  CdTe  Probe",  IEEE  Trar.s.  Nucl.  Sci.  NS-23 , 

594  (1976). 

5.  L.T.  Jones,  "The  Use  of  Cadmium  Telluride  Gamma  Spectrometers  in  Monitoring 
Activity  Deposited  in  Nuclear  Power  Stations",  Rev.  Phys .  Appl.  1_2_,  379 
(1977). 

6.  M.A.  Wolf,  C.J.  Umbrager  and  G.  Entine,  "Use  of  a  Cadmium  Telluride 
Detector  in  a  Tinv  Personal  Radiation  Chirper",  IEEE  Trans.  Nucl.  Sci. 

NS-26.  777  (1979). 

7.  "RSIC  Computer  Code  Collection:  CYLTRAN" .  CCC-280,  Oak  Ridge  National 

Laboratories  (1976). 

8.  S.  McGowan,  "Calculations  of  the  Response  of  Silicon  Radiation  Detectors 
Using  the  Computer  Code  CYLTRAN"  DREO  Report  No.  838  (1981). 

9.  E.W.  Jones  and  D.E.  Benyon  "Spectral  Distribution  of  Filtered  X-Ray 
Radiation  Generated  at  Constant  Potentials  from  100  kV  to  300  kV"  DREO 
TN  71-22  (1971). 


I 


I'NCl.ASS  I  F  I  I  D 


S*iuMty  Clitiifiulton 


K i Y  WORDS 


CADMIUM  TELLUR IDE 
GAMMA  RAYS 
DETECTORS 

CYLTRAN  COMPUTKR  PROGRAM 


INSTRUCTIONS 


1  ORIGINATING  ACTIVITY  Enter  the  name  «mct  address  ol  the 
Of qjni/jtion  issuing  the  document 

2a  DOCUMENT  SECURITY  CL ASSf MCAT ION  Enter  the  oveuli 
^cuniy  ■  Idss<t. cation  of  the  •locoment  including  special  wjmmg 
terms  whenever  applicable 

2b  GROUP  Enter  security  •  eclassil ical»on  group  numbi'i  The  thriv 
groups  are  defined  m  Append.*  AT  of  the  DHH  Secutdy  Regulations 

3.  DOCUMENT  TITLE  Enter  the  complete  document  title  m  all 
capital  letters  Titles  m  all  cases  should  lie  unclassified  If  a 
sufficiently  descriptive  title  cannut  In*  se let  ted  without  cfassdi 
cation,  show  title  classification  with  the  usual  one  capital  lettei 
abbreviation  in  pjrenfheses  immediately  following  the  title 

4  DESCRIPTIVE  NOTES  Entet  the  c.itegniy  ol  document  e  g 
technical  leport.  technical  note  oi  technical  lettei  M  appiopn 
ate.  entei  the  type  of  document,  eg  mieum,  ptogtpss, 
summary  annual  oi  final  Give  the  inclusive  dates  when  a 
specific  reporting  period  'S  covered 

5  AUThOHTSI*  Entei  the  namefs)  of  authorlsl  as  shown  on  oi 
in  the  document.  Enter  last  name,  fast  name,  middle  initial 

If  military  show  rank.  The  name  o>  the  principal  authm  is  on 
absolute  minimum  i  equipment 

6  DOCUMENT  DATE  Entei  the  date  (month,  yeai )  ol 
Establishment  approval  for  publication  of  the  document. 

1j  TOT  A  l  NUMBER  Qf  PAGES  The  total  page  count  should 
follow  noimal  pagination  pincedines  ie  .  enter  the  numbei 
ol  pages  containing  mloimation 

7h  NUMBER  Of  REfERENCES  Entei  the  Utta «  number  of 
references  cited  in  the  document 

8a  PROJECT  OR  GRANT  NUMBER  II  appropriate,  entei  the 
applicable  research  and  development  protect  oi  grant  numbei 
nmfei  which  the  document  was  written 

8b.  CONTRACT  NUMBER  II  appiopi  late,  entei  the  applicable 
number  under  which  the  document  was  wntten 

9a  ORIGINATOR  S  DOCUMENT  NUMBE  RIS)  Entei  the 
official  document  number  by  which  the  document  will  lie 
identified  and  controlled  by  the  ouqmatmij  activity  This 
numbei  must  lie  unique  to  this  document 


'Jb  OTHER  DOCUMENT  NUMlit  HtM  It  the  document  Has  lieeu 
assigned  any  other  document  numtier  %  feithe*  by  the  Originator 
O*  t»y  the  sponsor),  a-so  enter  this  number  fs) 

10  DISTRIBUTION  STATEMENT  E nter  any  limitations  on 

fijtther  dissemination  ot  the  ifocnment.  other  than  those  mu*nv*d 
by  security  classification,  using  standard  statements  such  as 

Ifl  "Oualil'fHl  reifuesters  may  obtain  copies  o*  this 

document  trom  their  defence  documentation  renter 

(?)  ‘ Announcement  and  d'ssem#natn»n  of  this  document 

is  not  authorized  without  prior  appro*. at  from 
originating  activity 

U  SUPPLEMENTARY  NOTES  Use  tor  additional  explanatory 
notes 

12  SPONSORING  ACTIVITY  Erne*  the  name  ot  the  departmental 
project  off. CP  Ol  laboratory  sponsoring  the  research  and 
development  tnclude  ailthess 

13  ABSTRACT  Enter  an  abstract  giving  a  bnet  and  laitua 
summary  ol  the  document,  even  though  it  may  also  appear 
elsewhpie  m  the  body  of  T tie  document  rtsell  It  is  highly 
desirable  that  the  abstract  ot  classified  documents  be  un«  lass* 
tied  Each  paragraph  of  the  abstiait  shall  end  with  an 
indication  ol  the  security  classification  of  the  information 
in  the  paragraph  (unless  the  document  used  is  umfassilieitl 
•  epresented  as  C T S) .  (S)  (C).  (R).  or  (Ul 

The  length  of  the  abstract  should  l»e  limited  to  20  single  spaced 
standard  typewritten  lines.  ?'  i  inches  long 

14  KEY  WORDS  Key  words  are  technically  meanmqtul  terms  or 
short  phrases  that  characterize  a  document  and  could  hi*  helplut 
m  cataloging  the  document  Key  wouls  should  In*  selected  so 
that  no  security  classification  is  lequued.  Idenidieis  such  as 
equipment  model  designation,  tiade  name,  military  pioject  corte 
name,  geographic  location  may  l»e  used  as  key  words  but  will 
tie  followed  by  an  indication  of  teihrmal  contest 


1 


UNC1.ASSF  1 1.1) 

Srimiln  f  liUiliUlimt 


DOCUMENT  CONTROL  DATA  R  K,  0 

*^*•1  i  ,  I  i.iss.lt|  .lllltll  .(1  1 1  J  .•  Iwilty  1)1  lIlStl.Mi  .Hill  I  III  It  a  I  Ml|  .HIlKlIjI  Kill  UllSl  I  «*•  IMlIl'H’ll  g*.f.l  till'  Uv»,l.l«l  I  ll  if  1 1 1  1 


— 

— 

» 

ORIGIN  A  1  INi ,  Aill  l  i  \ 

At  IKiniViNI  *»M  mil  1  V  (1  /..Ml  If  A  1  ION 

UNCLASSIFIED 

’M'.FKN'Cl  RKKKARCH  KSTABh!  SUMKNT  OTTAWA 

,»i>  group 

()» IfUMi  N  1  1  11  l  I 

"  v ! I I’M  TKLLUR1DK  DETECTORS  FOR  GAMMA  DOSE-RATE 

MIITKRS 

•1 

lit  SCRIP  1  IVf  NO  If  S  j'ld  ihdiiMvP  ilj(i*vl 

DRKO  REPORT 

1  . . 

- 

A  l  1  1  MOM  S  1  I  is  I 


Me COWAN ,  S. 


()(U\H.\1  |)AU 

March  198? 


PRO  IK  I  R  ill  AN  I  i\0 

SEN  1 1 A 20-4 


f.i  TOIAL  NO  Ql  »*A(»{  i  /I  NO  (>»  Mf  I 

22 _ 1  _ 9 _ 

Ui  ORIGINATOR'S  DOtUVf  Ml  N  MM  H  S 


DRKO  REPORT  NO.  839 


HI.  COMMA  I  NO 


H.  (  IHFH  DOCUMENT  NO 

JsS  U'liul  lhi\  io<  iio’ipni 


10  DISTRIBUTION  STATEMENT 

Unlimited  Distribution 

It  SUPPLEMENT  ARV  NOUS 

12  SPONSORING  ACTIVITY 

U  ABS  r  RA  'T 


The  response  of  a  0.25-mm  CdTe  detector  has  been  calculated  for  photon 
energies  rangin'’,  from  0.06  to  5.0  MeV  using  the  computer  code  CYLTRAN. 

Results  show  that  the  response  is  highly  energy  dependent,  varying  by  almost 
three  decades  over  this  energy  range.  The  response  also  depends  significantly 
on  the  amount  of  scattering  material  adjacent  to  the  detector.  Some  add¬ 
itional  calculations  show  that  the  response  can  be  made  more  uniform  by  using 
a  lead/ tin  filter  and  by  employing  more  than  one  energy-discrimination  level, 
but  good  uniformity  of  response  is  difficult  to  achieve.  At  2  MeV  a  response 
of  2.1  *  10  counts/ (mm  gray)  was  found  which  is  essentially  the  same  as  for 
silicon  of  equivalent  thickness. 


Measurements  with  a  commercial  CdTe  detector  confirmed  the  results  of 
the  calculations,  although  comparison  of  measured  and  calculated  results  indi¬ 
cated  that  the  detector  was  not  as  thick  as  its  specified  0.25  mm. 


